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DUCTILITY BALANCE AT HIGH TEMPERATURES 

PRELIMINARY AMENDMENT AND COVER LETTER 
SUBMITTING AMENDED PAGES OF APPLICATION 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Enclosed please find a copy of the International Preliminary Examination Report - 
Form PCT/IPEA/409 which was drawn on the originally filed description, and claim 1 as 
filed on May 26, 2000, and includes as an Annex amended pages 1, 3, and 3/1 of the 
specification and amended page 10 of the claims including claims 1-4. 

Based upon the submission of amended sheets of specification and claims, Applicant 
respectfully requests examination on the merits of the application containing amended pages 
1, 3, and 3/1 of the specification and amended page 10 of claims 1-4, in place of originally 
filed claim 1 appearing on page 10 of the English translation of International Application No. 
PCT/JPOO/03399 as originally filed. 
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Additionally, prior to the examination of the above-identified application including 
replacement claims 1-4, amendment of claims 3 and 4 and addition of claims 5 and 6, as 
follows, is respectfully requested to remove multiple dependent claims. 

TN THE CLAIMS 

Please amend replacement claims 3 and 4, as follows (a marked-up copy of the claim 
amendments is provided as an attachment to this Amendment): 

3. (Amended-Clean Text) A Cr-based alloy according to claim 1 , having a strength- 
ductility balance of RAxTS ^ 10000 (%• MPa) at higher than 1000°C. 

4. (Amended) A Cr-based alloy described in claim 1, having strength-ductility 
balance of RAxTS ^ 10000 (%• MPa) at 1050°C ~ 1200°C. 

Please add new claims 5 and 6 as follows: 

—5. A Cr-based alloy according to claim 2, having a strength-ductility balance of 
RAxTS ^ 10000 (%• MPa) at higher than 1000°C. 

6. A Cr-based alloy described in claim 2, having strength-ductility balance of RAxTS 
^ 10000 (%• MPa) at 1050°C ~ 1200°C— 
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REMARKS 



Entry of the foregoing amendment to the claims upon which the International 
Preliminary Examination Report is based is respectfully requested prior to examination and 
calculation of the filing fees in the above-identified patent application. Also, claims 3 and 
4 have been amended and claims 5 and 6 have been added to delete multiple dependency. 

Should there be any questions, the Examiner is invited to contact the undersigned at 



the below listed number. 



Respectfully submitted, 
Kenji ABIKO 




Bruce H. ©ernsiein 
Reg. No. 29,027 



November 26, 2001 

GREENBLUM & BERNSTEIN, P.L.C. 
1941 Roland Clarke Place 
Reston, VA 20191 
(703) 716-1191 
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MARKED-UP COPY OF AMENDED CLAIMS 

3. (Amended) A Cr-based alloy according to claim 1 [claims 1 and 2], having a 
strength-ductility balance of RAxTS > 10000 (%• MPa) at higher than 1000°C. 

4. (Amended) A Cr-based alloy described in claim 1 [claims 1 and 2], having 
strength-ductility balance of RAxTS ^ 10000 (%• MPa) at 1050°C ~ 1200°C. 
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SPECIFICATION 

Cr-BASED AL LOY HAVING AN EXCELLENT STRENGTH-DjU CTXLITJT 
BALANCE AT HIGH TEMPERATURE 

TECHNICAL FIELD 

This invention relates to a Cr-based alloy having 
an excellent strength-ductility balance at high 
temperatures (not lower than 1000°C, particularly super- 
high temperature zone of not lower than 1050°C) . 

BACKGROUND ART 

With the advance of techniques in recent 
industrial and manufacturing fields and the rise of 
interest in environmental problem, it is strongly demanded 
to develop metallic materials having high strength and 
ductility at higher temperatures, particularly a high 
temperature zone of not lower than 1000°C. 

Incidentally, high-temperature materials used from 
the old time were mainly Ni-based, Cr-based and Co-based 
alloys. For example, JP-B-64-7145 proposes Ni-based alloy 
comprising Cr: 20-35 wt%, Si: 1-8 wt% and C: 1. 7-3.5 wt% 
and forming M 7 C 3 type carbide, and also JP-A-55-154542 
proposes Ni-Co-Cr based alloy comprising Ni: 20-47 wt%, Co: 
6-35 wt%, Cr: 18-36 wt%, C: 0.6-2.5 wt% and Si: 0.5-2.5 wt% 
However, all of these alloys could be practically used up 
to only a temperature of about 500°C. And also, these 
alloys containing a greater amount of Ni or Co have many 
problems that the cost of the material itself is very 
expensive and the thermal expansion coefficient is high. 

A Cr-based alloy is hopeful as a high-temperature 
material being cheaper than Ni- or Co-based alloy and small 
in the thermal expansion coefficient. For example, JP-A- 
11-80902 proposes a high-Cr alloy containing C: 0.5-1.5 wt% 
Si: 1.0-4.0 wt%, Mn: 0.5-2.0 wt% and Cr: 35-60 wt% and 
enhancing a resistance to erosion and corrosion at a higher 



temperature. However , even in this high-Cr alloy, it is 
difficult to obtain a sufficient strength at a high 
temperature zone, particularly above 1000°C. In order to 
further increase the strength of such a Cr-based alloy, it 
is required to more increase the Cr amount. In the 
conventional technique, however, when the Cr amount is not 
less than 60 mass%, the ductility is substantially lost, so 
that there is a problem that the working after the 
production is impossible. Therefore, the alloy containing 
Cr of not less than 60 mass% has been not yet put into 
practical use. 

As mentioned above, practical materials having a 
sufficient strength at the high temperature and a good 
workability (ductility) is not existent in spite of a 
situation that it is more increased to demand materials 
durable to use under a super-high temperature environment. 

It is, therefore, an object of the invention to 
solve the above problems of the conventional technique and 
to provide Cr-based alloys having an excellent strength- 
ductility balance, which has never been attained in the 
conventional alloy, at a high temperature above 1000°C, 
particularly a high temperature above 1050°C. 

DISCLOSURE OF INVENTION 

The inventors have made various studies in order 
to solve the above problems by using the Cr-based alloy 
useful from economical reason and thermal expansion 
coefficient. As a result, it has been found that even in 
the Cr-based alloy containing Cr of not less than 60 mass%, 
the ductility can be provided and the high-temperature 
strength and ductility can be established by controlling 
contents of C+N, S and 0 in the alloy and an amount of an 
oxide to not more than limiting amounts and the invention 
has been accomplished. 

The invention lies in a Cr-based alloy having an 
excellent strength-ductility balance at higher temperatures, 
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comprising Cr: exceeding 60 mass%, C+N: not more than 20 
mass ppm, S: not more than 20 mass ppm, 0: not more than 
100 mass ppm, 0 as an oxide: not more than 50 mass ppm f and 
the remainder being Fe and inevitable impurities. 

And also, the invention lies in a Cr-based alloy 
having an excellent strength-ductility balance at higher 
temperatures, comprising Cr: not less than 65 mass%, C+N: 
not less than 20 mass ppm, S: not more than 20 mass ppm, 0: 
not more than 100 mass ppm, 0 as an oxide: not more than 50 
mass ppm, and the remainder being Fe and inevitable 
impurities . 

Furthermore, the invention relates to what has a strength- 
ductility balance of RAxts ^ 10000 (%-MPa) at higher than 
1000°C in each above-mentioned invention. And also, the 
invention relates to what has RAxts ^ 10000 (%-MPa) in 
each above-mentioned invention at 1050°C~1200°C. 

BRIEF DESCRIPTION OF DRAWING 

Fig. 1 is a graph showing a relation between 
strength-ductility balance at 1100°C and C+N amount. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Firstly, there is described an experiment arriving 
at the invention. 

Various Cr-based alloys containing 65 mass% of Cr 
are produced by changing purities of starting materials and 
melting conditions and shaped into rod-shaped specimens of 
25 mm by hot forging. In this case, hot forging -> working 
-> reheating -> hot forging are repeated with respect to 
alloys hardly working into a rod because of poor 
workability. These rod-shaped specimens are heated to 
1250°C and water-cooled, from which round specimens of 6.5 
mm in diameter and 120 mm in length are cut out. The 
strength (tensile strength) and ductility ( reduction of 
cross section) at 1100°C are measured by using these round 
specimens by means of a high-temperature tensile testing 



machine of direct current system (Greeble testing machine). 

In Fig. 1 is shown an influence of C+N amount upon 
strength-ductility balance (product of reduction of cross 
section RA by tensile strength TS) at a high temperature. 
From Fig. 1, it is understood that it is required to only 
decrease the C+N amount but also control S amount and 0 
amount in order to provide RA x TS ^ 10000 (%*MPa) as a 
good region of strength-ductility balance at a high 
temperature zone. The invention is accomplished based on 
such a knowledge. 

The reason why the components according to the 
invention are restricted to the above ranges is described 
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below. 

•Cr: not less than 60 mass% 

Cr is an element required for ensuring the 
strength at the high temperature. When the amount is less 
than 60 mass%, it is difficult to ensure the strength above 
1000°C, so that it is required to be not less than 60 mass%. 
Moreover, it is favorable to be not less than 65 massl in 
order to develop sufficient properties. And also, the 
upper limit of Cr amount is not particularly restricted, 
but 99.99 mass% is critical from a viewpoint of production 
by melting. 

•C+N: not more than 20 mass ppm 

C and N form carbonitride of Cr below 1000°C to 
bring about brittleness of Cr-based alloy and degradation 
of corrosion resistance. And also, C and N are existent at 
a solid solution state at a high temperature zone above 
1000°C to lower the ductility. In order not to bring about 
the degradation of these properties, C+N are required to be 
not more than 20 mass ppm. Moreover, in order to more 
lessen the degradation of the ductility, C+N are favorable 
to be not more than 10 mass ppm. Furthermore, the lower 
limit is not particularly restricted, but it is desirable 
to be 0.1 mass ppm considering the melt production time in 
industry. 

•S: not more than 20 mass ppm 

S exists in form of a sulfide with a slight amount 
of a metallic element such as Ti, Cu, Mn or the like 
slightly included in the Cr-based alloy, or segregates in a 
grain boundary at a solid solution state. In any case, it 
brings about the degradation of the ductility. Such a 
degradation of the ductility becomes remarkable when the S 
amount exceeds 20 mass ppm, so that the upper limit is 20 
mass ppm. Moreover, in order to more lessen the 
degradation of the ductility, it is desirable to control 
the S amount to not more than 10 mass ppm. And also, the 
lower limit of the S amount is not particularly restricted, 



4 



but it is desirable to be 0.1 mass ppm considering the melt 
producing cost. 

•O (total 0): not more than 100 mass ppm, 0 as an oxide: 
not more than 50 mass ppm 

0 forms an oxide with a slight amount of a 
metallic element such as Al, Si or the like slightly 
included in the Cr-based alloy to bring about the 
degradation of the ductility- In order to avoid such a bad 
influence, it is necessary that the 0 amount (total 0 
amount) is restricted to not more than 100 mass ppm and the 
O amount existing as an oxide is controlled to not more 
than 50 mass ppm. Moreover, in order to maintain the high 
ductility, it is favorable that the O amount is not more 
than 50 mass ppm and the O amount as an oxide is not more 
than 30 mass ppm. The lower limits of the 0 amount and the 
0 amount as an oxide are not restricted, but they are 
preferable to be 5 mass ppm and 3 mass ppm, respectively, 
considering the melt producing cost. 

In addition to the aforementioned elements, there 
are Fe and inevitable impurities. Moreover, the reason why 
the remaining element is Fe is due to the fact that Cr-Fe 
alloy is most advantageous from a viewpoint of the 
ductility and the cost. 

The alloy according to the invention has excellent 
strength and ductility at a high temperature region above 
1000°C. Such an alloy can be particularly produced 
according to usual manner except that starting materials 
having a higher purity are used and melting conditions are 
paid attention to. In this case, it is desirable that 
chromium of not less than 99.9 mass% is used as the 
starting material and the melting conditions are the use of 
skull melting process being less in incorporation of 
impurities from a crucible and the vacuum degree of 10" 5 
Torr. 

EXAMPLE 
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Various Cr-based alloys having a chemical 
composition as shown in Table 1 are produced by melting. 
In the melt production, a high purity chromium (purity: 
99.95 mass%) and a super-high purity electrolytic iron 
(purity: 99.998 mass%) are used and a skull melting process 
using a water-cooled copper crucible is adopted. The 
resulting ingot is hot forged at 950~1200°C (forging is 
carried out by repeating hot forging -> working -> 
reheating -> hot forging at a temperature region more 
giving a ductility) to form a rod-shaped specimen of 25 mm. 

The rod-shaped specimen is heated to 1250°C and 
water-cooled , from which is cut out a round specimen of 6.5 
mm in diameter and 120 mm in length. The ductility 
( reduction of cross section) at a high temperature is 
measured with respect to such a specimen by means of a 
high-temperature tensile testing machine of direct current 
system (Greeble testing machine). For the comparison, the 
same test is carried out with respect to 54Ni-18Cr-3Mo 
alloy (Inconel 718) as a commercial heat-resistant material. 
(Table 1) 



Alloy 


Cr 
/mass% 


C+N 
/mass ppm 


S 

/mass ppm 


O 

/mass ppm 


0 as Oxide 
/mass ppm 


Remarks 


A 


50 


0.9 


0.6 


9 


4 


Comparative 
Example 


B 


50 


31 


18 


17 


9 


Comparative 
Example 


C 


65 


1.2 


0.9 


5 


3 


Example 


D 


65 


7.5 


8.1 


20 


13 


Example 


E 


65 


8.2 


7.7 


80 


40 


Example 


F 


65 


25 


9.3 


80 


30 


Comparative 
Example 


G 


65 


9.1 


32.2 


60 


25 


Comparative 
Example 


H 


65 


8.2 


7.6 


110 


70 


Comparative 
Example 


I 


70 


9.1 


9.5 


31 


26 


Example 


J 


80 


2.6 


3.8 


31 


22 


Example 


K 


90 


5.4 


6.2 


32 


22 


Example 


L 


^99.9 


9.8 


7.5 


44 


29 


Example 


M 


54Ni- 1 8Cr-3 . OMo- 1 8 . 5Fe 






Conventional 
Example 
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The measured results of high-temperature tensile 
test are shown in Table 2. In the alloys A and B 
containing less than 60 mass% of Cr, the strength at the 
high temperature lowers. And also, 54Ni-18Cr-3Mo alloy 
used as a heat-resistant material from the old time 
violently lowers the ductility above 1000°C and renders RA 
at 1200°C into 0%. 

On the contrary, the invention alloys indicate RA 
x TS ^ 10000 (%'MPa) showing a strength-ductility balance 
at a high temperature above 1000°C and have a very 
excellent strength-ductility balance. 
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(Table 2) 



Remarks 


Comparative 
Example 


Comparative 
Example 


Example 


Example 


Example 


Comparative 
Example 


Comparative 
Example 


Comparative 
Example 


Example 


Example 


Example 


Example 


Conventional 
Example 




y 

o 
o 

CN 
rH 


6900 


5040 


13100 


11780 


10465 


8848 


7169 


7128 


12544 


13632 


14016 


14260 


o 


CtJ 


U 

o 
o 

rH 
rH 


8900 


6120 


17248 


15624 


13920 


9178 


8968 


9656 


16461 


16200 


16198 


16095 


1696 1 


1 

dP 
tfl 

EH 
V 


o 
in 
o 

rH 


9801 


7800 


19379 


18201 


16408 


8211 


8424 


9450 


18541 


18060 


17661 


17660 


5534 


RA: 


0 

o 
o 
o 

rH 


12480 


9300 


21141 


20485 


18640 


12810 


12084 


13826 


20328 


19680 


18880 


19040 


27090 


O 
O 
<Ti 


15990 


11045 


26781 


23400 


18915 


16240 


12420 


14634 


24120 


21912 


22508 


22839 


38808 


TS(MPa) 


U 
O 

o 

CN 
rH 


in 
p* 


o 

P» 


rH 

ro 

rH 


CN 
rH 


m 

rH 
rH 


CN 
rH 

r-4 


p* 
o 

rH 


cn 
o\ 


00 
CN 
rH 


CN 
tH 


vo 

rH 


o 
in 

rH 


cn 


U 

o 
o 

rH 
rH 


o 
o 

rH 


O 

01 


VO 
P- 
rH 


00 
VO 
rH 


O 

VO 

rH 


oo 

rH 


CN 

in 

tH 


CN 

tH 


r- 

rH 


O 
00 

rH 


CN 

oo 

rH 


in 

00 

rH 


CN 

rH 
CN 


0 

O 

in 
o 

rH 


rH 
CN 
rH 


o 

CN 
rH 


O 
rH 
CN 


in 
o 

CN 


p- 

Ol 

tH 


rH 

in 

rH 


VD 

in 

rH 


o 
in 

rH 


o 

rH 
CN 


O 

rH 

CN 


cn 
o 

CN 


CN 
tH 
CN 


VO 
CN 


o 

o 
o 
o 


O 
VO 
rH 


O 

in 

rH 


ro 

CN 


rH 

CN 


ro 
ro 
cn 


O 
rH 
CN 


00 
CN 
CN 


ro 

CN 
CN 


CN 
CN 


o 

CN 


vo 

ro 
CN 


00 
TO 
CN 


in 

rH 

ro 


y 
o 
o 


in 

CTt 
rH 


in 
ro 

CN 


0\ 
ro 
ro 


in 

CN 
ro 


rH 
C\ 
CN 


O 
00 
CN 


VO 

p- 

CN 


rH 
P- 
CN 


in 
ro 
ro 


CN 

ro 

ro 


rH 

ro 
ro 


ro 
ro 


CN 

VO 


RA(%) 


o 

O 

O 

CN 

rH 


CN 


CN 

r- 


o 
O 

rH 


in 

cn 


rH 

cn 


C\ 

p» 


p- 

VO 


CN 
P- 


00 

o\ 


vo 
cn 


vo 
cn 


in 
cn 


o 


U 
0 

O 
O 
rH 
rH 


CO 


oo 

VO 


CO 


ro 

Cn 


P- 
00 


CN 
VO 


cn 
in 


00 
VD 
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o 
cn 


cn 

CO 


00 


OO 


y 

O 

in 
o 
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rH 
00 


tn 

VO 


co 
cn 


cn 
oo 


oo 


rH 

VO 


in 


ro 
vo 


cn 
vo 


vo 
oo 


in 

CO 


oo 


rH 
CN 


U 
© 

o 
o 
o 
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oo 
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CN 
VO 


p» 
oo 


in 
oo 


o 

CO 


rH 
CO 


ro 
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CN 
VO 


*^ 
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CN 
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o 
oo 


o 

CO 


VO 
CO 


a 
o 
o 
cn 


CN 
CO 
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CN 

p~ 


in 

VO 


CO 
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in 


in 


CN 


vo 
vo 


CO 

vo 


cn 
vo 


00 


>i 

o 

rH 
rH 


< 




U 


Q 




p4 






M 


f-3 




r-H 


s 
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INDUSTRIAL APPLICABILITY 

As mentioned above, according to the invention , 
there can be provided Cr-based alloys having an excellent 
strength-ductility balance at a higher temperature above 
1000°C, particularly above 1050°C. Therefore, the invention 
conduces in various industry fields requiring a high- 
temperature material and largely contributes to the 
improvement of earth environment. 
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CLAIM 

1. (Amended) A Cr-based alloy having an excellent 
strength-ductility balance at higher temperatures, 
comprising Cr: exceeding 60 mass%, C+N: not more than 20 
mass ppm, S: not more than 20 mass ppm, 0: not more than 
100 mass ppm, 0 as an oxide: not more than 50 mass ppm, and 
the remainder being Fe and inevitable impurities. 

2. (Added) A Cr-based alloy having an excellent 
strength-ductility balance at higher temperature, 
comprising Cr: not less than 65 mass%, C+N: not more than 
20 mass ppm, S: not more than 20 mass ppm, 0 not more than 
100 mass ppm, 0 as an oxide: not more than 50 mass ppm, and 
the remainder being Fe and inevitable impurities. 

3. (Added) A Cr-based alloy according to claims 1 
and 2, having a strength-ductility balance of RAXTS ^ 
10000 (%*MPa) at higher than 1000 °C. 

4. (Added) A Cr-based alloy described in claims 1 
and 2, having strength-ductility balance of RAxts ^ 10000 
(%-MPa) at 1050°C~1200°C. 
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Declaration and Power of Attorney for Utility or Design Patent Application 

Japanese Language Declaration 



fcb&tQXhV, 

wMxh%> mm<D&%&TM\mm£tix^%m&) <hi is, 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
below next to my name: 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 

Cr-Based Alloy Having an Excellent Strength-Ductility 
Balance at High Temperatures 



±12- 



_n e testa sav #ntHK#j§- 



ife, S^SIglJffift^ 37 f§|g 1 # 56 SCgi^tV^S^Jo 

^Mmmmm 35 §bb 119 & (a-co iix^m 365 * (b> « 



Prior foreign applications 

11/148326 

(Number) 



Japan 



(Country) 

(S£) 



27/Mav/99 



the specification of which is attached hereto unless the 
following box is checked: 



was filed on 



26/Mav/00 



Application Number 

on (if applicable) or, 



as United States 
and was amended 



PCT International 
PCT/JP00/03399 



Application Number 
and was amended on 



. (if applicable). 



(Day/Month/Year 

(tti«£>*MB) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim foreign priority under Title 35, United States 
Code §119(a-d) or §365(b) of any foreign application(s) for 
patent or inventor's certificate, or §365(a) of any PCT 
international application which designated at least one country 
other than the United States, listed below. I have also 
identified below, by checking the "No" box, any foreign 
application for patent or inventor's certificate, or of any PCT 
international application having a filing date before that of the 
application on which priority is claimed: 

Priority claimed 



h □ 

Yes No 

h9 fcL 



Filed) 



(Number) 
(#*) 



(Country) 



(Day/Month/Year 



Filed) 



□ □ 
Yes No 



□ ^^m^mmmm^itw^^m^mm^xtm'r 



D Additional foreign application numbers are listed a 
supplemental priority sheet attached hereto. 



Page 1 



Docket #: p21273.dd.doc 

Japanese Language Utility or Design Patent Application Declaration 



&J*> &%m&&M 35 U% 119 ft (e)II^S^< , TIEO^ 



I hereby claim the benefit under Title 35, United States Code 
§119 (e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Day/Month/Year Filed) 
(ttlB<0*MB) 



(Application No.) 



(Application No.) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



%xt, &im&9m 35 120 mm-5< TB<D^mm^ a 

11, X&H 365 £ (c)li^£-5< £*H&*« Lfc PCT MKiffliso 

m 35 a$» 112 ftm i «as<^««t?, %<o&%m%m&mjLtt. 
nMmm 37 1 mm se ft^E*^#f^s#^Fjf^^ff « 



□ Additional provisional application numbers are listed on a 
supplemental priority sheet attached hereto. 

I hereby claim the benefit under Title 35, United States Code 
§120 of any United States application(s), or §365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT international application in the manner provided 
by the first paragraph of Title 35, United States Code §112, I 
acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations §1.56 which became available between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



^ '(Application No.) 



(Day/Month/Year Filed) 

(ttJK<0*MB) 



mm 



(Status) 

j&Mifcfy) (patented, pending, abandoned) 



UKApplication No.) 



(Day/Month/Year Filed) 

(ttiK6Q*Mg) 



(8LU) (Status) 
(#fF*£<^ SSc^Sr^W (patented, pending, abandoned) 



"9 , a ao#1"5lf S*3<fc WITS i:5i:gotfrofcSP 

$tm&mm is 1001 v % fj&t l< fi^ 



□ Additional U.S. or international application numbers are 
listed on a supplemental priority sheet attached hereto. 

1 hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either his 
foreign patent agent or corporate representative, if any, as to 
any action to be taken in the Patent and Trademark Office 
regarding this application without direct communication 
between the U.S. attorney or agent and the undersigned. In 
the event of a change in the persons from whom instructions 
may be taken, the U.S. attorney or agent named herein will be 
so notified by the undersigned. 
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Sr#5KT©#a±X«, ftSIA^r rKSffiU mU^Mt^ 

LTfr5 ^t%mft:*t 5o j ti>x±x(nmm race om&^mz 

7055 



Neil F. Greenblum 
Bruce H. Bernstein 
James L. Rowland 
Arnold Turk 



Reg. No. 28,394 
Reg. No. 29,027 
Reg. No. 32,674 
Reg. No. 33,094 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the attorney(s) and/or agent(s) associated with the 
Customer Number provided below to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith, and direct that all corres pondence be 
addressed to that Customer Number: 

CUSTOMER NUMBER 

The appointed attorneys presently includ 





7055 



Stephen M. Roylance 
William E. Lyddane 
William Pieprz 
Leslie J. Paperner 



Reg. No. 31,296 
Reg. No. 41,568 
Reg. No. 33,630 
Reg. No. 33,329 



Address: GREENBLUM & BERNSTEIN, P.L.C. 

1941 Roland Clarke Place 
Reston, VA 20191 



'MWMW$9z : Direct Telephone Calls to: 



GREENBLUM & BERNSTEIN, P.L.C. 

(703)716-1191 

1 







h 


fjfuA name of sole or first inventor 
Kenji ABIKO, 




0 ft 




Tnventor's"si9ratdre (A /L^f • Date 


mm 


Miyagi, Jap^n (^flA 




""Citizensnip * ' 
Japan 




Post Office Address 

6-27-9, Takamori, Izumi-ku, Sendai-shi 3 Miyagi 
981-3203, Japan 


Esisiit- 






Full name of second joint inventor, if any 








Second Inventor's signature Date 


tm 


Residence 


mm 


Citizenship 




Post Office Address 












(Supply similar information and signature for third and 
subsequent joint inventors.) 
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